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SUMMARY

A wind tunnel model of a supersonic V/STOL fighter configura-

tion has been tested to measure the aerodynamic interaction

effects which can result from geometrically close-coupled propul-

sion system/airframe components. The approach was to configure

the model to represent two different test techniques. One was a

conventional test technique composed of two test modes. In the

Flow-Through mode, absolute configuration aerodynamics are

measured, including inlet/airframe interactions. In the Jet-

Effects mode, incremental nozzle/airframe interactions are

measured. The other test technique is a propulsion simulator

approach, where a sub-scale, externally powered engine is mounted

in the model. This allows proper measurement of inlet/airframe

and nozzle/airframe interactions simultaneously.

Comparison of the measured aerodynamic characteristics

between the two test techniques is a direct indication of the

extent to which inlet and nozzle flowfields are coupled together.

If significant coupling does exist, there will be disagreement

between the two data sets. The simulator test technique may then

be required in the future to properly measure the aerodynamic

characteristics of compact fighter configurations.

Measurement of these propulsion/airframe interaction effects

was carried out in a three phase experimental program, sponsored

by the NASA Ames Research Center. Conceptual model design was

accomplished in Phase I, detailed model design and fabrication in

Phase 2, and high speed testing in Phase 3.

The aerodynamic configuration tested was a canard/wing con-

cept designed for high transonic maneuverability, employing

non-axisymmetric, vectorable exhaust nozzles located near the

wing trailing edge.

x



The overall character of the aerodynamic flowfield, includ-

ing the interactions due to inlet/nozzle coupling, were quanti-

fied by comparing force balance data between the different test

modes, and by comparing static pressure distributions over the

entire model surface. The purpose of this Volume I report is to

document the pressure data in detail. The Volume II report docu-

ments the basic force and moment data, Reference I. All of the

analysis for both pressure and force and moment data is presented

in the Volume III Test Analysis Report, Reference 2.

The static pressure data contained herein is based on

measurements made with 145 surface taps located on the wings,

fuselage, nacelles and nozzles The compressor face pressure

characteristics are based on 25 total pressure probes in each

inlet.

xi



I. INTRODUCTION

Many of the configurations proposed for advanced supersonic

V/STOL aircraft are very compact in nature. This results pri-

marily from the design goal to minimize control forces and

forward lift engine size by concentrating the major components of

the aircraft near the center of gravity. Integration of the

propulsion system with the airframe for these configurations can

result in potentially significant aerodynamic flowfield interac-

tions. These interactions may arise from geometrically close-

coupled inlet/nozzle arrangements arising from minimum length

nacelles. The problem can be further complicated if the configu-

ration includes movable canards and vectorable nozzles located

near the wing.

The data obtained with conventional wind tunnel test tech-

niques can be questionable in the presence of large flowfield

interactions, since these techniques cannot achieve simultaneous

simulation of all of the flowfields involved. Proper simulation

can be achieved with the compact Multi-Mission Aircraft Propul-

sion Simulator (CMAPS), developed by the Air Force Aeropropulsion

Laboratory (AFAPL), Reference 3. The CMAPS, Figure I-I, is a

miniature, low bypass ratio turbofan engine powered by a high

pressure air turbine.

I I I
ES ES ES
1.0 2.0 3.0

I I
ES ES

- 1.0 0

11",'1

I I I
ES ES ES
4.0 5.0 6.0

I I
ES ES
7.0 8.0

i 2.18 in.

I
ES
9.0

GP53.0871-19-R

Figure 1-1. Compact Multimission Aircraft Propulsion Simulator (CMAPS)
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The most beneficial application of the CMAPS will obviously

be on those aircraft that have potentially large flowfield inter-

actions between the inlet, nozzle, and airframe. Since testing a

CMAPS equipped model may be more complex than testing a conven-

tional model (Flow-Through and Jet-Effects), the need to identify

the types of configurations which require CMAPS evaluation is

critical. An aerodynamically close-coupled V/STOL configuration

represents an effective means of evaluating the requirement for

simultaneous inlet and exhaust nozzle flow simulation, and thus

the potential need for the CMAPS testing technique.

Based on the foregoing considerations, a three phase NASA

program was initiated in October, 1980 to measure airframe/pro-

pulsion system interactions of close-coupled supersonic V/STOL

configurations. Both propulsion simulator and conventional model

techniques were used. An equally important objective was to

continue development of installation and test techniques for wind

tunnel models equipped with propulsion simulators. This program

represented the first time that twin CMAPS had been tested in a

wind tunnel model of a full configuration aircraft. Previous pro-

grams have tested only single simulators in simple body/nacelle

models, Reference 4.

The approach to accomplish these objectives was to design,

fabricate, and test two model configurations characterized by

close-coupled airframe/propulsion arrangements, each in simulator

and conventional test modes. Key characteristics of the two test

configurations are shown in Figure 1-2. The external airframe

components of the basic model were provided by the Air Force.

This basic configuration was developed under prime contract to

the Air Force Wright Aeronautical Laboratories (AFWAL) by MCAIR

in the Advanced Nozzle Concepts (ANC) program, Reference 5. The

alternate configuration is a derivative of the basic configura-

tion with the inlet/nozzle length shortened and the canard

removed. At this time, only the basic configuration has been

tested. However, the hardware has been fabricated to model the

alternate configuration.

2



|
Basic Design Alternate Design

Air-to-Air Concept

• 2-D ALBEN Vectorable Nozzles (A°, 4)
• 2-D Normal Shock Inlet With Droop Lip

• Wide-Spaced Podded Nacelles

• Close-Coupled, All Movable Canards
• Advanced Maneuvering Wing

Changes for Alternate
• Round Short Inlet With Lower Slot

• Canards Removed

• Inner Wing Extension Shortened

G P53-0871-18-R

Figure 1.2. Aerodynamic Characteristics of Study Concepts

Conceptual design of the test model was completed in Phase 1

during the first seven months of the program, Reference 6.

Detailed design and model fabrication were accomplished in Phase

2, as reported in Reference 7.

The results of the Phase 3 wind tunnel tests and analysis

are presented in a series of four NASA Contractor Reports (CRs).

The pressure data is reported in this Volume I of the Wind Tunnel

Data Report. The force and moment data and data reduction proce-

dures are reported in Volume II, (Reference I). The detailed

data analysis and executive summary are presented in the Test Ana-

lysis Report and Final Report respectively (References 2 and 8).

The following sections include a description of the test

article and the pressure instrumentation. The pressure data is

presented graphically in Appendix A of this volume.



2 .  TEST A R T I C L E  D E S C R I P T I O N  

The t e s t  v e h i c l e  w a s  a 9.62% sca le  m o d e l  of a s u p e r s o n i c  

V/STOL a i r c r a f t  w i t h  t w i n ,  p o d d e d  e n g i n e  n a c e l l e s .  The  n a c e l l e s  

i n c o r p o r a t e d  n o r m a l  s h o c k  i n l e t s  a n d  v e c t o r a b l e  A e r o d y n a m i c a l l y  

Load  B a l a n c e d  E x h a u s t  N o z z l e s  (ALBENs)  , d e s i g n e d  b y  G e n e r a l  E l e c -  

t r i c .  The m o d e l  i n s t a l l e d  i n  t h e  N A S A - A m e s  l l x l l - f t  t r a n s o n i c  

w i n d  t u n n e l  is shown i n  F i g u r e  2-1. T e s t i n g  was p e r f o r m e d  a t  
s p e e d s  from Mach 0.4 t o  1.4 a n d  t h r o u g h  t h e  a n g l e - o f - a t t a c k  r a n g e  

f r o m  -2' t o  20" .  

Model Geometry 

Fuselage Length: . . . . . . . . . . . . . . . . . .  1.79 rn (5.88 ft) 
Nacelle Length: . . . . . . . . . . . . . . . . . .  .0.86 rn (2.83ft) 
Wingspan: . . . . . . . . . . . . . . . . . . . . .  .1.30rn(4.28ft)  
Wing Area: . . . . . . . . . . . . . . . . . . . .  ,0.48 rn2 (5.22 ft2) 
Canard Area: . . . . . . . . . . . . . . . . . .  .0.09 rn2 (1.02 ft2) 
Inlet Capture Area: . . . . . . . . . . .  .35.23 crn2 (5.46 in.2) 
Nacelle Max Area: . . . . . . . . . . . .  ,116.1 4 cm2 (1 8 in.2) 
NozzleThroatArea(Dry): . . . . . .  .19.42crn2(3.01 in.2) 
NozzleThroatArea(A/B): . . . . .  . 3 3 . 2 3 ~ r n ~ ( 5 . 1 5 i n . ~ )  

QP53487142-R 

Figure 2-f. Supersonic V/STOL Wind Tunnel Model Installed in 
NASA-Ames Transonic Tunnel 

T h e  model w a s  t e s t e d  i n  t h r e e  d i f f e r e n t  modes :  t h e  c o n v e n -  

t i o n a l  J e t - E f f e c t s  a n d  F l o w - T h r o u g h  m o d e s f  a n d  t h e  p r o p u l s i o n  

s i m u l a t o r  (CMAPS) mode. A s c h e m a t i c  o f  t h e  t h r e e  m o d e s ,  e a c h  i n  

i ts  c h a r a c t e r i s t i c  c o n f i g u r a t i o n ,  is  shown i n  F i g u r e  2-2. 
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Simulator Mode

Flow-Through Mode

Jet-Effects Mode

Figure 2-2. Test Mode Characteristics

GPS3.0871-17-R

Within the three test modes, a matrix of two inlet and two

exhaust system configurations was tested. The inlet was confi-

gured as either flowing or faired. The exhaust system incorpo-

"rated either ALBENs or nozzle extension ducts with chokes

installed. Four aerodynamically different test configurations

were derived from the two inlet and two exhaust configurations.

These configurations were termed: I) Common Baseline, 2) Nozzle

Extension, 3) Nozzle Extension Baseline, and 4) Simulated Air-

craft. The external differences in these configurations were

only in the nacelle geometry, Figure 2-3; all other external

model features were common. A matrix of the modes, inlet/nozzle



combinations, and test configurations is shown in Figure 2-4.

The Common Baseline configuration was tested in each mode as a

tie-in for the three separate model build-ups and used to account

for any bias errors created between tunnel entries. The Nozzle

Extension configuration used the extension ducts to displace the

exhaust plume from the vicinity of the airframe such that inlet

mass flow ratio (MFR) effects could be measured independent of

jet-induced effects. The Nozzle Extension Baseline configuration

was used to account for the effects of the extension aucts on the

metric airframe as compared to the ALBEN installation. Of the

four configurations tested, the Simulated Aircraft configuration

is the best representation of an aircraft in flight.

Aerodynamic Configurations

o

!
ConvenUonalMode Metric

=-,..-Nonmetric
I

CommonBaseline

-- Jet Effects

NozzleExtension I, ..... =

-- Inlet Effects

NozzleExtension i_Baseline ', I
|,

CMAPSMode -- Nozzle Extension
Effectson Airframe

_L_ SimulatedAircraft i

GP63.0OO6.O1.R

Contributisn
to Test Data:
-- Jet Effects

-- Inlet Effects

-- CouplingEffects

Figure 2-3. Comparison of Test Configuration



Teld PropulldaSysaem TestMode
ConflgmUoe Cmdlgmlu

Inle( Nozzle Jet-EffectsRow-ThroughCMAPS

Simulated Flowing ALBEN XAircraft

Common Faired ALBEN X X XBaseline

Nozzle Flowing Extensions X XExtension
Nozzle
Extension Faired Extensions X
Baseline

GPS3.O666-SS-R

Figure 2-4. inlet/Nozzle Combinations Tested in Each Mode

2.1 TEST MODES - Each of the three test modes (CMAPS, Jet-

Effects, and Flow-Through) represented a different wind tunnel

test technique. A major program objective was to eliminate bias

errors due to test technique differences. Therefore, a common

support system and a common metric arrangement were used for all

three test modes, Figure 2-5. The internal flow hardware was

unique to each test mode but interchangeable between the three

modes, as shown in Figure 2-6. The flow path through the nacelle

could be changed by installing a simulator, a jet-effects plenum,

or a flow-through duct, depending on the test mode desired.

m Nonntetric

r-l Metric

J_ Metric (sectioned)

Interchangeable
inlet Ouct NacelleCoreHardware

Duct Metric Break

Metric Break

Balance

(ALBENShown)

Strut Metric Break

SupportSystem

Figure 2-5. Common Support System and Metric Arrangement

GP53,066647.R
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Test Modes
View C-C

Jet-Effects

View B-B

Instrumentation

Seal
Strut

Housing
Row-Through

Propulsion _/

Simulator Crossover
U

View A-A Air Manifolds. Jl
V

Balance

ModelSupportStin

Figure 2-6. Interchangeable Nacelle Core Hardware

GPE3-OeT147-R

2.1.1 CMAPS Mode - Propulsion simulators were placed in the

engine nacelles for all the CMAPS mode testing. The Station 2

total pressure rake and simulator compressor face can be seen

behind the close-coupled inlet in Figure 2-7. A schematic of the

nacelle hardware for the CMAPS mode is shown in Figure 2-8.

Independent control of the high pressure air through the

drive and bleed lines in the support sting allowed the simulator

to produce desired combinations of inlet and nozzle flow

conditions independently. A schematic of the simulator flow path

is shown in Figure 2-9.

The Simulated Aircraft and the Nozzle Extension configura-

tions, as well as the Common Baseline configuration, were all

tested in the CMAPS mode. Data was acquired for the Simulated



i 
I 

0 

Total Pressure Ra 

GP53 0871 35 R 

Figure 2-7. Propulsion Simulator Installed in Left Hand Engine Nacelle 

A i r c r a f t  c o n f i g u r a t i o n  i n  t h e  f o r m  o f  a n g l e - o f - a t t a c k  ( A O A )  

sweeps a n d  e n g i n e  p r e s s u r e  r a t i o  (EPR) sweeps.  The  N o z z l e  E x t e n -  

s i o n  c o n f i g u r a t i o n  d a t a  was t a k e n  f o r  AOA sweeps a t  v a r i o u s  

c a n a r d  a n g l e s  a n d  M F R s .  O n l y  t h e  l a r g e s t  e x i t  a rea  c h o k e s  were 

u s e d  i n  t h e  N o z z l e  E x t e n s i o n  c o n f i g u r a t i o n  f o r  t h i s  mode. MFR 

w a s  c o n t r o l l e d  s o l e l y  b y  t h e  s i m u l a t o r s .  The Common B a s e l i n e  

c o n f i g u r a t i o n  w a s  t e s t e d  i n  e a c h  t es t  mode t o  i s o l a t e  t u n n e l  

i n d u c e d  e f f e c t s .  A complete r u n  m a t r i x  f o r  t h e  CMAPS mode is  

i n c l u d e d  i n  A p p e n d i x  C. 

9 



Duct

Metric Break -_

Common Drive Air

Li n e/M a n i f o Id _///././/./.

"_, _ ,, i I_

r - Common Bleed Air

_ Line/Manifold

_m

Top View

J
. _k.. Y

Common Seal and CMAPS
Instrumentation

Ring

FS 36.330 FS 45.080

Inlet Duct Seal---_

_1.__ ....7 . __
_ - i - - - --

Drive Air Mainfold/ /

Bleed Air Manifold--_

Figure 2-8. CMAPS Mode Nacelle Core Hardware

Sheer View

GP53-0871-ST-R

10



CMAPS Airflow Schematic 

Drive Control 
Valve Venturi 

1Ic - 
Bleed Bleed Control 

Drive 

1 

Inlet 
Airflow 

Mixed 
ai' Pipe Nozzle Flow 

,Compress& Airflow 
Mixer Exit Slots 
15 Lobe Mixer 

GP53-0871.154 

Figure 2-9. Simulator Internal Flow Paths 

2 . 1 . 2  J e t -Ef fec t s  Mode - P l e n u m  c h a m b e r s  r e p l a c e d  t h e  s i m u -  

l a t o r s  i n  t h e  e n g i n e  n a c e l l e s  d u r i n g  t h e  J e t - E f f e c t s  mode t es t -  
i n g .  The  n a c e l l e  h a r d w a r e  f o r  t h e  J e t - E f f e c t s  mode is shown i n  

F i g u r e  2-10. The d r i v e  a n d  b l e e d  l i n e s  i n  t h e  s u p p o r t  s t i n g  b o t h  

s u p p l i e d  h i g h  p r e s s u r e  a i r  t o  t h e  p l e n u m .  T h e  a i r  was t h e n  m i x e d  
a n d  e x h a u s t e d  t h r o u g h  t h e  A L B E N ' s .  T h i s  p l e n u m  d e s i g n  w a s  

i n t e n d e d  t o  d u p l i c a t e  t h e  i n t e r n a l  a i r f l o w  p a t h s  u s e d  i n  t h e  

CMAPS mode. A l t h o u g h  n o t  r e q u i r e d ,  t h e  i n l e t  d u c t  s e a l  w a s  

r e t a i n e d  d u r i n g  t h e  J e t -Ef fec t s  mode i n  o r d e r  t o  m a i n t a i n  a com- 

mon s ea l  a r r a n g e m e n t  b e t w e e n  t h e  t h r e e  t e s t  modes. 

O n l y  t h e  Common B a s e l i n e  c o n f i g u r a t i o n  was t e s t ed  i n  t h i s  

mode. Data was a c q u i r e d  w i t h  j e t - o n  a n d  j e t - o f f  AOA s w e e p s  a n d  

n o z z l e  p r e s s u r e  r a t i o  ( N P R )  sweeps.  A complete r u n  m a t r i x  f o r  

t h e  Je t -Effec ts  mode is i n c l u d e d  i n  A p p e n d i x  C. 
a 
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Common Bleed Air

Line/Crossover---_

Common Drive Air \

Line/Crossover--_

Duct Metric Break--, .J I J I

_1
hr

-r Jet-Effects

Common Seal and Air Supply Plenum
Instrumentation

Ring

Sheer View

FS 36.330

Inlet Duct Seal--,

I- B_'-'-'-'-'-'-_,i - _ i
Drive Air Manifold j /

Bleed Air Manifold---/

FS 45.080

7.,

Figure 2-10. Jet-Effects Mode Nacelle Core Hardware

Top View

G P53,0871-56.R
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2.1.3 Flow-Through Mode - Flow-through ducts were inter-

changed with the plenum chambers or simulators to build-up the

Flow-Through mode. The non-metric duct units, Figure 2-11, were

designed to model the propulsion simulators with respect to the

on-coming inlet flow. Therefore, the Station 2 total pressure

rakes, inlet duct seals, and compressor face hubs were identical

for Flow-Through and Simulator modes.

I,_III/

Common Seal and Flow-Through Duct
Instrumentation

Ring

Inlet Duct Seal

.,\ \ \ \ \ •
7]

I I
FS 36.330 FS 45.080

View A-A

Figure 2.11. Flow-Through Mode Nacelle Core Hardware

/--Common Bleed Air

_/Line/Manifold

A

l Top View

Sheer View

GP53-0871-55-R

The Nozzle Extension configuration and the Nozzle Extension

Baseline, as well as the Common Baseline, were tested in this

mode. Inlet MFR was controlled in the Nozzle Extension configura-

tion with four nozzle chokes sized as follows: 12.49 cm 2, 18.74

cm 2, 26.11 cm 2, and 34.25 cm2. An ejector system was connected

to the extension assemblies for Mach 0.4 and 0.6 testing, since

the ram air was not sufficient to simulate maximum airflow. The

ejector installation is shown in Figure 2-12. The data was

acquired with AOA sweeps at constant canard angles and inlet MFRs

as shown in Appendix C.

13
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Figure 2-12. Ejector Apparatus Connected to Nozzle Extensions 

2.2 INLET/EXHAUST SYSTEMS - Two i n l e t  a n d  t w o  

were tes ted  on  t h e  t w i n  p o d d e d  e n g i n e  n a c e l l e s .  

2 . 2 . 1  I n l e t  Sys tems - T h e  i n l e t  w a s  t e s t ed  

i n g  a n d  a f a i r e d  c o n f i g u r a t i o n .  The f l o w i n g  i n l e t  

l a r ,  n o r m a l  s h o c k  d e s i g n  w i t h  1 5 "  scar f  a n g l e  

e x h a u s t  s y s t e m s  

i n  b o t h  a f l o w -  

w a s  a r e c t a n g u -  

a n d  a r o t a t i n g  

lower cowl l i p .  T h e  f l o w i n g  i n l e t  system w i t h  0" a n d  45" cowl 

l i p  r o t a t i o n s  is shown i n  F i g u r e s  2-13 a n d  2-14 r e s p e c t i v e l y .  

The  lower cowl l i p  is  ro t a t ed  down t o  r e d u c e  f l o w  s e p a r a t i o n  

a r o u n d  t h i s  cowl a t  h i g h  a n g l e - o f - a t t a c k  c o n d i t i o n s .  A l i m i t e d  

amount  o f  t e s t i n g  was p e r f o r m e d  o n  t h e  45" l i p  r o t a t i o n  
c o n f i g u r a t i o n .  

T h e  f a i r e d  i n l e t  c o n f i g u r a t i o n  w a s  formed by i n s t a l l i n g  

p y r a m i d a l  f a i r i n g s  t o  t h e  f l o w i n g  i n l e t s  w i t h  0" l i p  r o t a t i o n .  
T h e  f a i r i n g  s h a p e s  r e p r e s e n t e d  s imple  f o r w a r d  e x t e n s i o n s  of t h e  

l o c a l  cowl m o l d l i n e s .  The model w i t h  t h e  f a i r e d  i n l e t  sys tem is 
shown i n  F i g u r e  2-15.  

14 



BRIGTNP,L' PAGE IS 
OF POOR QUALIT'k: 

a 

e Figure 2-14. Flowing inlet System With 4 5 O  Cowl Lip Rotation 
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GP53-0871-32-A 

Figure 2-15. Faired Inlet System on Test Vehicle 

A s e c o n d  f l o w i n g  i n l e t  sys tem w a s  a l s o  f a b r i c a t e d  f o r  u s e  o n  

t h e  a l t e r n a t e  a i r c r a f t  c o n f i g u r a t i o n  (see F i g u r e  1 - 2 ) .  However, 

d u e  t o  time c o n s t r a i n t s r  i t  w a s  n e v e r  t es ted .  T h i s  i n l e t  w a s  a 

c i r c u l a r  d e s i g n  w i t h  a 13" r e v e r s e  scarf  a n g l e ,  F i g u r e  2-16. 

The  d e t a i l e d  d e s i g n  of t h e s e  i n l e t  s y s t e m s  is p r e s e n t e d  i n  

R e f e r e n c e  7. 

2 . 2 . 2  E x h a u s t  Sys tems - T h e  e x h a u s t  s y s t e m  w a s  t e s t e d  w i t h  

b o t h  ALRENs and  n o z z l e  e x t e n s i o n  t u b e s .  The ALBEN a n d  n o z z l e  

e x t e n s i o n  sys t ems  were b o t h  n o n - m e t r i c  to  t h e  i n t e r n a l  a i r c r a f t  

b a l a n c e .  T h e  metric b r e a k  a n d  common s t a t i o n  f o r  t h e  a i r f rame/  

e x h a u s t  system i n t e r f a c e  w a s  a t  model s t a t i o n  50.689. 
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Figure 2-16. Untested Inlet for Alternate Configuration 

T h e  ALBEN sys tem w a s  d e s i g n e d  t o  model v a r i o u s  power se t -  

t i n g s  a n d  t h r u s t  v e c t o r i n g  a n g l e s .  T h e  m o d e l  c o n f i g u r e d  w i t h  t h e  

A L B E N s  is shown i n  F i g u r e  2-17. Two d i f f e r e n t  power s e t t i n g s  

( d r y  a n d  a f t e r b u r n i n g ,  ( A / B ) )  were t e s t ed  b y  i n t e r c h a n g i n g  t h e  

lower f l a p  c o m p o n e n t s ,  w h i c h  c h a n g e  t h e  t h r o a t  a n d  e x i t  a r eas .  
I n t e r c h a n g e a b l e  u p p e r  f l a p  c o m p o n e n t s  were u s e d  t o  c o n f i g u r e  t h e  

A L B E N s  €o r  O " ,  2 0 " ,  o r  30" of  t h r u s t  v e c t o r i n g  ( v e c t o r  angle 

m e a s u r e d  from h o r i z o n t a l ,  p o s i t i v e  d o w n ) .  

Nozzle  e x t e n s i o n  assemblies r e p l a c e d  t h e  A L B E N s  i n  o r d e r  t o  

i s o l a t e  t h e  f l o w i n g  i n l e t  e f f e c t s  from t h o s e  a s s o c i a t e d  w i t h  t h e  

e x h a u s t  p l u m e .  T h e  e x t e n s i o n  t u b e s  were s i z e d  s u c h  t h a t  t h e  

e x h a u s t  p l u m e  a n d  base area e f f e c t s  w o u l d  n o t  be f e l t  forward  of  

t h e  metric b r e a k .  T h e  n o z z l e  e x t e n s i o n  i n s t a l l a t i o n  is shown i n  

F i g u r e  2-18. E x i t  c h o k e s  w e r e  a t t a c h e d  t o  t h e  e x t e n s i o n  t u b e s  t o  

c o n t r o l  i n l e t  mass f l o w  r a t i o  ( M F R ) .  F o u r  i n t e r c h a n g e a b l e  c h o k e s  

were u s e d  i n  t h e  F l o w - T h r o u g h  mode a n d  s i z e d  t o  d u p l i c a t e  f o u r  

M F R s  w i t h i n  t h e  o p e r a t i n g  r a n g e  of t h e  p r o p u l s i o n  s i m u l a t o r .  
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Figure 2.17. Unvectored AIB ALBEN System on Test Vehicle 

a 

Figure 2-18. Nozzle Extension System on Test Vehicle 
a 
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2.3 TEST CONFIGURATIONS - The four test configurations (Figure

2-3) were used to identify the presence of flowfield coupling and

measure the net effect. These configurations were tested as sum-

marized in Figure 2-19.

2.3.1 Common Baseline Confi@uration - The Common Baseline

configuration is defined with faired inlets and the ALBEN exhaust

system. This configuration, with unvectored A/B ALBENs in the

jet-off condition, was tested in all three test modes to isolate

any bias errors due to the separate tunnel entries.

The unvectored dry power ALBENs and vectored A/B ALBENs were

also tested but only in the Jet-Effects mode. The A/B ALBEN

system was tested at 0 °, 20 ° , and 30 ° thrust vectoring. The 30 °

vectoring case was different from all other Jet-Effects configura-

tions in that the wing flaps were also deflected 30 ° . This build-

up, tested only at Mach 0.4, simulated the vehicle in a landing

approach mode.

2.3.2 Nozzle Extension Configuration - The Nozzle Extension

configuration is defined as having the flowing inlet system and

the nozzle extension exhaust system. The inlet was tested with

both the 0 ° and 45 ° cowl lip rotations. Most of the 45 ° lip

cases were tested with the wing flaps deflected 30 ° as shown in

Figure 2-20.

This configuration models the flowing inlet effects on the

airframe independent of the exhaust effects.

2.3.3 Nozzle Extension Baseline Confi@uration - The Nozzle

Extension Baseline configuration is defined as having the faired

inlet system and the nozzle extension exhaust system. In this

configuration, only one canard angle was tested for each Mach

number. The purpose of this build-up was to account for the

nozzle extension effects on the airframe as compared to the ALBEN

installation.
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Test Mach MFR NPR a 5 c
Configuration Mode (deg) (deg)

CommonBaseline F/T 0.4 N/A 1.0 -1 - 18 +5 -- -15

(_N == 0 ° (_F='=0° 0.6
A/B ALBEN 0.9

1.2 -1 - 10 +5- -10

1.4 -1- 9

J/E 0.4 N/A 1.0-- 4.0 -1--18 +5-- -15

0.6 1.0-- 6.0 -5

0.9 1.0-- 8.5 -5

1.2 1.0--11.0 -1-- 6 0

1.4 1.0--14.0 -1-- 6 0

CMAPS 0.4 N/A 1.0 -1 -- 16 +5 -- -15
0.6 -5

0.9 -5
1.2 -1-- 6 0

1.4 0

CommonBaseline

(_N= 20° (_F==0°
A/B ALBEN

J/E 0.4 N/A 1.0-- 4.0 -1 -- 20 -5

0.6 1.0-- 6.0 -1 -- 22 -5

0.9 1.0-- 8.0 -1 -- 18 0-- -15

1.2 1.0 -- 12.0 -1 -- 7 0

CommonBaseline

_N= 30° 5F= 0
A/B ALBEN

J/E 0.4 N/A 1.0 -- 4.0 -1 -- 20 +5 -- -5

CommonBaseline

(_N = O° _F == O°

Dry ALBEN

J/E 0.4 N/A 1.0-- 6.0 -1-- 9 0,-5

0.6 1.0-- 6.0 -5

0.9 1.0- 6.0 0,-5

Nozzle Extension
Baseline

F/T 0.4 N/A 1.0 -1 -- 21 -5

0.6
0.9 -5, -15

1.2 -1-- 6 0

1.4

Nozzle Extension F/T 0.4 0.5-1.2 N/A -1--22 +5-- -15

0.6 0.3--0.9 0-- -15

0.9 0.3--0.9 0-- -15

1.2 0.3--0.9 -1- 6 0-- -10
1.4 0.3--0.9 0-- -10

CMAPS 0.4 0.5--1.2 N/A -1--17 +5-- -15

0.6 0.3--0.9 0-- -10

0.9 0.3--0.9 0-- -10
1.2 0.3--0.9 -1--7 0-- -10

1.4 0.3--0.9 0-- -5

Simulated
Aircraft

CMAPS 0.4 0.7--1.2 1.0-- 3.5 0--17 0-- -15
0.6 0.3--0.9 1.0-- 4.0 0--17 0-- -10

0.9 0.4--0.9 1.0-- 5.0 0--18 0-- -10

1.2 0.3--0.8 1.0-- 7.5 0-- 6 0,-5

1.4 0.3--0.8 1.0-- 9.5 0-- 7 0,-5

Figure 2-19. Test Summary

GPS3-O871-29-R
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Figure 2-20. Nozzle Extension Configuration With Wing Flaps Deflected 30" 

2.3 .4  S i m u l a t e d  A i r c r a f t  C o n f i g u r a t i o n  - T h e  S i m u l a t e d  

A i r c r a f t  c o n f i g u r a t i o n  is  d e f i n e d  w i t h  f l o w i n g  i n l e t s  a n d  t h e  

ALBEN e x h a u s t  sys tem.  O n l y  t h e  f l o w i n g  i n l e t s  w i t h  0" l i p  ro ta -  

t i o n  a n d  t h e  A L B E N s  i n  t h e  a f t e r b u r n i n g  ( A / B )  p o s i t i o n  w i t h  0" 

t h r u s t  v e c t o r i n g  were tes ted  i n  t h i s  c o n f i g u r a t i o n .  T h i s  c o n f i g u -  

r a t i o n  c l o s e l y  models a n  a i r c r a f t  i n  f l i g h t ,  w i t h  j e t  e f f e c t s ,  

i n l e t  e f f e c t s ,  a n d  c o u p l i n g  e f f e c t s  m e a s u r e d  s i m u l t a n e o u s l y .  
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3. PRESSUREINSTRUMENTATION

The test vehicle was equipped with sufficient pressure

instrumentation to assess the effects of model configuration and

test technique differences. Static pressures were measured along
the model external surface snd total pressures at each compressor

face.

3.1 EXTERNAL PRESSURE INSTRUMENTATION - The pressure distribu-

tion over the model surface was measured with 145 pressure taps

located along the wings, nacelle, nozzle, and fuselage. The over-

all surface tap layout is presented in Figure 3-1. In addition,

Appendix B lists each orifice number with the corresponding loca-

tion coordinates. The pressure taps were arranged over the

aircraft in five basic regions as follows: I) Outer Wing,

2) Inner Wing, 3) Fuselage, 4) Nacelle, and 5) Nozzle.

3.1.1 Outer Wing - The wing surface outboard of the engine

nacelle is defined as the outer wing. A total of 27 taps were

located in this area. A row of 9 upper surface and 6 lower

surface taps at B.L. 12.825 on the left wing measured the chord-

wise pressure distribution, Figure 3-2. The spanwise pressure

distribution was measured with a total of 12 taps on the right

wing at B.L. 16.031 and B.L. 19.237, Figure 3-3.

3.1.2 Inner Wing - The surface between the fuselage and

nacelle is termed the inner wing This region forms a region

which may be sensitive to perturbations in flow due to MFR, NPR,

or canard changes A total of 13 taps were located on the upper

and lower surfaces of the inner wing as shown in Figure 3-4.

3.1.3 Fuselage - The fuselage was instrumented along the

centerline with a total of 9 pressure taps. These tap locations

are shown in Figures 3-1 and 3-4.
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Figure 3.1. Location of Model External Pressure Instrumentation

23



Orifice Numbers

638 636
Upper Surface 639 637 635 634 633

-0--0--0- -- --0- -- -- O,

Lower Surface 640 641 642 643

632
o_. - .o-.o

644 645
BL 12.825

Note: Location of orifices tabulated in Appendix B

Wing Cross Section at BL 12.825

X/L

0.05 0.15 0.90

oo lo oto o
I- k _1

r _-x -I
Figure 3-2. Outer Wing Pressure Instrumentation

BL 12.825 on Left Wing

G P53-O898-2.R
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UpperSurface
BL16.031

LowerSurface

///
Upper Surface 627 626 625

BL 19.237
628 629 630

Lower Surface

--- --O--- - ---O-- - _O-
544 545 546

Note: Location of odfices tabulated in Appendix B GPS3-0898-3-R

Figure 3-3. Outer Wing Pressure Instrumentation Right Wing

/- Leading Edge

Extension (LEX)
105 _ 106 107
-o---/---- -o---- ---o o o--

206
, 205

i 136.,3s_131 110o _39o
_134_133 111o211 210 0646

30 129 128 127 120 112 O 1_3 1_4 1_'_
o-o-o--o-- _ -o--119o- _-o-_

230 229 228 227 226 220 O 118 117 11o_1

,_,, 121 122 123 124 1

%____ Aj_t_ L_(_el_eSUgfnaCtleO r,f ices

Note: Fuselage station and butt line location of orifices tabulated in Appendix B
1XX - Upper surface orifices

2XX - Lower surface orifices GP53-O898.4.R

Figure 3-4. Center Fuselage, Inner Wing, and Nacelle Pressure Instrumentation
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3.1.4 Nacelle - The nacelle was instrumented with a total

of 35 taps on the upper and lower surfaces. The layout of these

taps is shown in Figure 3-4. A total of 12 taps were also

located on the side of the right hand nacelle above and below the

outer wing root, Figure 3-5.

__ 309 308 307 306 305 304- _ o- o o o- -o-- WL 11.700

----o- o- o o-- o- -o-- WL 3.400
409 408 407 406 405 404 /

I I IMS 49.189 MS 45.189 MS 40.000

MS 47.189 MS 43.189 MS 38.000

Figure 3-5. Right Hand Nacelle Side Pressure Instrumentation

OPS3.O898-5-FI

3.1.5 Nozzle - The non-metric ALBEN exhaust system was

instrumented with 49 surface taps. The tap layout across the

ALBEN is shown in Figure 3-6. This large number of taps was used

to perform a pressure-area integration from which the lift, drag,

and pitching moment on the nozzles were calculated.

The nozzle extensions were instrumented with 17 surface

taps. The tap layout for the nozzle extensions is shown in

Figure 3-7.
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620
623

"_ 621

Note: Location of orifices tabulated in Appendix B

I 608J

,£615  609
"_606

_)- 614
1 V

613 "(:_610_04

Figure 3-6. ALBEN External Pressure Instrumentation

GP53-O871-13-R

MS 50.689

--504_505_506
_ - --O_-- - -O----- -- _

507 508 509 510 511 512
B O ._O_ .O---..O-- _

607 608 609 610 611

_ -- _ -- _ -- -'-'O

--513---"-514_515

Note: Location of orifices tabulated in Appendix B

5XX - Upper surface orifices
6XX - Lower sudace orifices

BL 4.810

BL 7.836

Figure 3-7. Nozzle Extension Tube External Pressure Instrumentation

GP53-O898-6-R
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3.2  COMPRESSOR FACE PRESSURE I N S T R U M E N T A T I O N  - T h e  t o t a l  p r e s -  

s u r e  a t  t h e  c o m p r e s s o r  f a c e  w a s  m e a s u r e d  t o  c a l c u l a t e  i n l e t  

a i r f l o w r  r e c o v e r y  a n d  d i s t o r t i o n .  E a c h  e n g i n e  f a c e  w a s  i n s t r u -  

m e n t e d  w i t h  a f i v e  l e g  r a k e  w i t h  e a c h  l e g  c o n t a i n i n g  f i v e  t o t a l  

p r e s s u r e  p r o b e s .  A p h o t o  of t h e  r a k e  l e g s  is  shown i n  F i g u r e  

3-8. 

GP53.0898.14 

Figure 3-8. Compressor Face Total Pressure Rake 

On t h e  r i g h t  h a n d  c o m p r e s s o r  face r a k e r  t h e  p r o b e s  o n  t h e  

u p p e r r  o u t b o a r d  l e g  w e r e  m a n i f o l d e d  t o g e t h e r r  w i t h  t h e  s i n g l e  

m e a s u r e m e n t  r e c o r d e d  o n  a S c a n i v a l v e .  T h i s  s i n g l e  m e a s u r e m e n t  

w a s  r e q u i r e d  a s  a n  i n p u t  t o  t h e  CMAPS c o n t r o l  console .  The  

r e m a i n i n g  20  probes  a n d  4 w a l l  s t a t i c s  were i n d e p e n d e n t l y  

m e a s u r e d  o n  S c a n i v a l v e s .  The  l a y o u t  o f  t h e  r i g h t  h a n d  r a k e  i s  

shown i n  F i g u r e  3-9. 
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Manifolded

72= 288 =

Forward Locking Aft
Right Hand Inlet

Inboard

Radial
Location Leg 1 Leg 2 Leg 3 Leg 4 Leg 5

(cm) (in.) 0o 72 ° 144 o 216 ° 288 °

1.275 (0.502) 320 Manifolded 325 330 335

2.121 (0.835) 321 to 326 331 336
345

2.713 (1.068) 322 I 327 332 337

3.198 (I .259) 323 /I 328 333 338
3.620 (1.425) 324 _ 329 334 339

Wall
Statics 312 314 315 316

G PS3-O898-7-R

Figure 3-9. Right Hand Compressor Face Rake Layout

On the left hand compressor face rake, the probes on the

upper, outboard leg were also manifolded together for the reason

mentioned above. Each pressure along one other leg was measured

as shown in Figure 3-10. The remaining 15 probes were on dummy

rakes, so the pressures were not measured at these locations.

It was not necessary to fully instrument both sides, since the

model was tested with symmetric MFRs and no sideslip.
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Manifolded

72 ° 288 °

Forward Looking Aft
Left Hand Inlet

Radial
Location Leg 1 Leg 2 Leg 3 Leg 4 Leg 5

(cm) (In.) 0° 72 ° 144 ° 216 ° 288 °

1.275 (0.502)

2.121 (0.835)

2.713 (1.068)

3.198 (1.259)

3.620 (1.425)
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437

Manifolded
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Statics 412 413

GPS3.O898-8.R

Figure 3-10. Left Hand Compressor Face Rake Layout
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D
APPENDIX A

WIND TUNNEL TEST RESULTS: PRESSURE DATA

The basic static pressure data is presented graphically as

pressure coefficient (Cp) distributions across the airframe.

Six key regions on the airframe have been chosen to summarize

the pressure data for a given test condition.

The inlet total pressure data is presented as recovery dis-

tributions at the engine face. This data will also be used to

present inlet recovery and distortion characteristics.

It must be noted that there is a significant region on the

compressor face contour plots which may be invalid due to a lack

of instrumentation. Since the upper, outboard leg of the total

pressure rake was manifolded to a single Scanivalve port (see

Figure 3-9), the local recovery distribution was not obtained

for this sector of the compressor face. The contours plotted in

this sector, as shown in Figure A-l, should therefore be

disregarded or used with caution due to the excessive

extrapolation required to construct them. To illustrate that no

data was taken in this region, the manifolded leg is not shown

on the contour plots.

It is also noted that a source of bias error was identified

which may impact the interpretation of some of the pressure data

taken in the Flow-Through mode. This error is attributed to a

change in the Scanivalve transducer calibration procedure. The

Scanivalves were calibrated to a positive pressure differential

during the Flow-Through mode testing and to a negative pressure

differential during the Jet-Effects and CMAPS modes. A non-

linearity in the pressure transducer is thought to have created

an error, identified during comparisons of the Common Baseline

configuration for the three test modes. The Flow-Through mode

data was generally 0.01 to 0.05 in Cp lower than the other two

modes. Therefore, the Flow-Through mode data should not be

compared directly to either of the other two modes. However,
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Example of Recovery Contour Plot
Right Hand Compressor Face

Region of
Large Extrapolation:

Questionable Validity

Region

of
Validity

Inboard

\

Regionof

Validity
G P53-0898-9-R

Figure A-1. Region of Validity for Compressor Face

Recovery Distributions

Common Baseline comparisons between the Jet-Effects mode data

and CMAPS mode data fall within an acceptable error band, so

direct comparisons of any data between these two modes is con-

sidered valid• Likewise, comparisons "within" the Flow-Through

mode should be valid.

STATIC PRESSURE DISTRIBUTIONS - The surface pressure distribu-

tions are grouped to show the effects of various inlet, nozzle

and control surface configurations. Each figure consists of six

plots corresponding to the six key regions on the airframe. The

plots and the regions are as follows (also see Figure 3-1):

A Nacelle Centerline Upper Surface

B Nacelle Centerline Lower Surface

C Wing BL 12.825 Upper Surface
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D Wing BL 12.825 Lower Surface
E Inner Wing BL 3.2 Upper Surface

F Inner Wing BL 3.2 Lower Surface

The test mode and test configuration are designated on each

plot under the "Description" label as follows:

Test Mode, Test Configuration

Following is an index of the surface pressure distribution

figures.

Inlet Mass Flow Ratio Effects

Configuration

Test

Mode Mach NPR _c _ Pages

wine ,_.s,_ _ F/T 0 •4 N/A -5 ° 0 ° 41-46
i _ 0.61'I 47-52

COWL LIP : 0 ° a F " 0 ° 0.9 1 _ I 53-581.2 59-64

1.4 65-70

F/T 0 °

COWL LIP : 45 ° _F '= 30"
CMAPS 0 °

COWL LIP : 0° aF " 0°

0.4 N/A

0.4 N/A

0.6 I0.9

1.2
1.4 _

L SIMULAT[D AIRCRAFT

ALBEN A/B

_N : O°

CMAPS 0.4 1.3 0 °

0.6 1.4 -5 °

0.9 2.0 -5 °

1.2 - -5 °

1.4 - 0 °

0.6 2.3 -5 °

2.2 -5 °

2.0 -5 °

0 ° 71-76

0 ° 77-82

I 83-8889-94

95-100

101-106

0 ° 107-112

113-118

i 119-124
125-130

131-136

5 ° 137-142

9 ° 143-148

17 ° 149-154
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Nozzle Pressure Ratio Effects

Configuration

ALBEN DRY

6N = O"

ALBEN A/B

6N = O°

ALBEN A/B

_N = O°

Test

Mode

J/E

JIE

CMAPS

Mach MFR 6c

o.4 N/A -5°

o.o 0.9

0.4 N/A -5 °

0.6 1 -5°

0.9 -5 °

1.2 0 °

1.4 0 °

0.4 1.15 0 °

0.6 0.92 -5 °

0.9 0.75 -5 °

1.2 0.69 0 °

1.4 0.72 0 °

0.6 0.90 -5 °

0.6 0.85 -5 °

0.6 0.75 -5 °

Configuration

COPM_ I_£LI_M

ALBEN A/B

_N = 20o

ALBEN A/B

_N = 30° 6F = 300

NPR Effects With Thrust Vectorin@

Test

Mode Mach MFR _c

J/E 0.4 NIA -5 °

0.6 I -5°50:1.2

J/E o.4 N/A -5 °

Nozzle Vectorin_ Effects

(%

0 °

0 °

0 °

5 °

9 °

17 °

J/E

Configuration

6 N = 0 ° - vs - _N = 20°

(%

0 °

0 °

Te st

Mode Mach NPR 6c (%

0.4 4.1 -5 ° 0 °

0.6 4.2 _
0.9 6.2 -5 ° 0 °

0.9 6.2 -5 ° 9.6 °

1.2 6.5 0 ° 0 °

0.4 1.0 -5 ° 0 °

0.6 1.0 -5 ° 0 °

0.9 1.0 -5 ° 0 °

1.2 1.0 0 ° 0 °

Pages

155-160

161-166

167-172

173-178

179-184

185-190

191-196

197-202

203-208

209-214

215-220

221-226

227-232

233-238

239-244

245-250

Pages

251-256

257-262

263-268

269-274

275-280

Pages

281-286

287-292

293-298

299-304

305-310

311-316

317-322

323-328

329-334

6N = O= - vs - 6N = 30=

_F = O° 6F = 30=

J/E 0.4 4.1 -5 ° 0 °

0.4 1.0 -5 ° 0 °

335-340

341-346
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Configuration

Dry-vs-A/B

Power

Test

Mode

J/E

Canard

Settin_ Effects

Mach NPR _c

0.4 4.2 -5 °

0.6 4.2 -5 °

0.9 6.7 -5 °

Rotation Effects

0 °

Configuration

NO_LE _I'_NSIOU

L

COWL LIP = 0° 6F"

I .

0o

Test

Mode

_/T

Mach MFR NPR

0.4 i. 20 N/A
0.6 0.92

0.9 0.87

1.2 0.89

1.4 0.93

0 °

0 o

0 °

0 °

0 o

0 °

0 o

0 °

0 o

0 °
0 o

0 o

0 o

5 °

9 °

18 °

(_ _ IL_SELI.qE

ALBEN A/B

_N = O°

_/T 0.4 N/A l.O

l0.9

1.2

1.4

_ UmU_

ALBEN A/8

_N " O°

CMAPS 0.4 1.15 2.8

0.6 0.92 3.8

0.9 0.75 4.4

1.2 0.75 7.6

1.4 0.71 7.8

0.6 0.90 4.0

0.6 0.84 3.9

0.6 0.74 3.5

Win_ Flap and

Configuration

An_le

Configuration

NPR

N/A 0 °

Cowl Lip Deflection Effects

Test

Mode Mach MFR

_/T 0.4 l.ll

of Attack Effects

Test

Mode Mach MFR NPR 6c

<f COIqr_ B_ELI_

ALBEN A/B

_N = Oa

F/T 0.4 _/A 1.O -s °

0.9 -5 °

1.2 0 °

1.4 0 °

Pages

347-352

353-358

359-364

Pages

365-370

371-376

377-382

383-3.88

389-394

395-400

401-406

407-412

413-418

419-424

425-430

431-436

437-442

443-448

449-454

455-460

461-466

467-472

Pages

473-478

Pages

479-484

485-490

491-496

497-502

503-508
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Configuration

ALBEN A/B

_N = O*

(_ UZ]R.[ [XT[IISI(IIllAS£1.1iI[

COl_OIt libEL l.q[

ALBEN A/B

aN =' O°

Angle of Attack Effects (Continued)

Test

Mode Mach MFR NPR 6c

: ;=. j/_. 04 _/A lO -5 °

0.6 j I -5°

0.9 -5 °

0 °
1.2 _ 0 °1.4

CMAPS 0.4 N/A i. 0 -5 o

0.6 I ! -5°

o

0.9 -5°1.2

1.4 0 °

i _ ] F/T 0.4 N/A N/A -5°

"" 0.6 I 1 -5°
So°1.2

1.4 0 °

i T J/E o.4 N/A 4.o -5°
0.6 ) 4.2 -5 °
0.9 | 6.0 -5 °

1.2 V_ 9.0 0 °1.4 10.3 0 °

Pages

509-514

515-520

521-526

527-532

533-538

539-544

545-550

551-556

557-562

563-568

569-574

575-580

581-586

587-592

593-598

599-604

605-510

611-616

617-622

623-628

SII_tATED AIRCRAFT

ALBEN A/B

a N = 0°

C_ CONqOli I_SELI .q[

ALBEN A/B

aN = 20 °

CMAPS 0.4 i.i0 3.3 0 °

0.9 0.75 5.3 -5 °

1.2 0.75 7.5 0 °

1.4 0.80 9.6 0 °

J/E 0.4 N/A 4.0 -5 °

0.6 I 4.2 -5 °
0.9 6.1 -5 °
1.2 _ 8.9 0 °

629-634

635-640

641-646

647-652

653-658

659-664

665-670

671-676

677-682

ALBEN A/B

a N = 30 ° a F = 30 °

ALBEN DRY

a N = 0 °

J/E O. 4 N/A 4.0 0 °

J/E 0.4 N/A 6.9 -5 °

0.6 I 4.7 -5 °
0.9 _ 6.8 -5

683-688

689-694

695-700

701-706
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Configuration

An@le of Attack Effects

Test

Mode Ma ch

(Continued)

MFR NPR Pages

.mE ,m_,= i_---- ] F/T 0.4
P 0.6

= 0 o 0.9
COWL LIP = 0 ° 6 F 1.2

1.4

1.21 N/A -S °

0.92 I -5°

0.87 -5 °

0.89 0 °

0.93 0 °

707-712

713-718

719-724

725-730

731-736

COWL LIP = 45 ° aF . 30 ° F/T 0.4

F/T 0.6
COWL LIP = 45 ° 6 F 0 °= 0.9

i.ii N/A 0 °

0.85 N(A -5 °
0.85

737-742

743-748

749-754

: CMAPS 0.4

=mE _'= ' l 0.6
0.9

COWL LIP = 0 ° 6 F = 0° 1.2
1.4

i. 18 N/A 0 =
0.92 ' 0 °

0.87 I O°
0.89 0 °

0.95 ' 0 °

755-760

761-766

767-772

773-778

779-784

Nozzle Extension Effects

Test

Configuration Mode

<_-- ,,=m,_=, : I F/T

_¥5 ---

<IL =-m,.
!

Mach MFR NPR 6c Pages

0.4 N/A N/A -5 ° 785-790

O.6 l -5 ° 791-796

i + _5 o

0"9 1 i 797-802
1.2 0 ° 803-808

1.4 + 0 ° 809-814

COMPRESSOR FACE TOTAL PRESSURE CHARACTERISTICS - The compressor

face total pressure characteristics are presented in terms of dis-

t0rtion, recovery and local recovery contour distributions.

An@le of Attack and Mass Flow Ratio Effects

Each figure in this section consists of the following plots:

A Distortion and Recovery Variations

B Recovery Contour @ Low Angle of Attack

C Recovery Contour @ High Angle of Attack
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Configuration

Test

Mode Mach _c Pages

m_,,mm,_ i ---- j F/T 0.4 -5 ° 815-817
0.6 -5 ° 818-820

COWL LIP " 0" _F = 0" 0.9 -5 ° 821-8231.2 0 ° 824-826

1.4 0 ° 827-829

Inlet Droop Lip Effects

Each figure in this section consists of the following plots:

A Distortion and Recovery Variations for 0 ° Lip and 45 ° Lip

Rotations

B Recovery Contour @ Low Angle of Attack and 0 ° Lip

Rotation

C Recovery Contour @ Low lhngle of Attack and 45 ° Lip

Rotation

D Recovery Contour @ High Angle of Attack and 0 ° Lip

Rotation

E Recovery Contour @ High ;hngle of Attack and 45 ° Lip

Rotation

Configuration

F/T
NOZZLEE]_-'ms I om I ]

t.

Test

Mode Mach MFR 6c Pages

0.4 0.6 0 ° 830-834

0.4 0.8 0 ° 835-839

0.4 1.1 0 ° 840-844

0.6 0.9 -5 ° 845-849

0.9 0.9 -5 ° 850-854
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 167 0.4442 .00347 i.2147

0.70000 _ 0.72000
0.76000 --0.-- O,T8000
0.82000 _ 0.84000

--4-- 0.88000 _ 0.90000
0.94000 _ 0.96000

---g--- 0.99000

RDELCR REC1R DF1R
-4.9573 0.9715 0.0713

--0-- O.T4000
0.80000
0.86000
0.92000

----,--- 0.98000

Inboard

816



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 167 0,4442 16.823 1.0536

-.-B..- 0.70000 -..a,-- O.T2000
0.76000 _ 0.78000
0.82000 _ 0.84000
0.88000 _ 0.90000

--¢---- 0.94000 -...v--- 0.96000
---B--- o.9go00

RDELCR REC1R DFIR
-4,9573 0.8504 0,236T

0,74000
+ 0,80000

0.86000
---R-- 0,92000

0.98000

Inboard

817



i i : !ii '-: .... :i::!i,: : i_i- " i :: : '::::::,::f._:-ti. •-':::_ .:.,-::, .:::._ti :_.:: b:: ¸: : i•l:..:: ¸..... _._:::._
iI/:;;_.)_!81:TORiTI()Nz_AND:RECOVE RY.VE._ S U8. ANGL2E ,QF,_T.T_AC:K;i;..:_....:

iiii iii iii i:ii iiii .R iiGH_!:!:HAN:_I.:(i_Li_-:T:; -i:F:LIO.W,_T HROU_k_H__.i_:OuE_::_i:i!:!{:iiii:_ii:ii_:_:_!.:_
.!'{-_'i'F'i-i-i..i._-i-!':.:'i-!---_-i-E.!'i.i-i-ii-:> _.i-i..'...:.:.:.;_.:}i-l.i...'.i.:.Z.i.i.i.i-.i-i.-:i-: 'i. iZ:;.i. :'i'-i-:i.':: " " ii-i.: !.: •. _ :-:ii.ijTi.i.: 'iii. :'..ii ...i ".ii-¢:i.i: .i :ili i-!'i!. '..k--:iZ:

+-i.i--:_:_i.>!.;:.ii.ii-<.!.i.l.i-!_:.A._-_::.::5i :::::i_ 3_ii:_O-:5 9i ;:_:: !0 _:5 65 .....4#, _86i .......i...i:!-,..-i.',:.i-_.tii.i..!ii!.i.><-i.':.ii->.:_.:._..i............'

__,_I:_i_b_:!_:_I,____::_::__l____,::_1_:_:_::__''''_,:,,,,,,D,
<":'"'":'" ......... , ....................................i",",'_,"'_i",",:,':_,ii':"_......._,',ii",ii',:,iTiiiiiiiii_ii.............................................................ili,i_,ii:_',_!',',',i',',il_,',::','_i'_i_,':_,i!,.........

..................... ,: ....... t .... }I'll ", _ .............. I : ...... I} I _ _" ::

!. _: .i.!LI.i.!.!._.i._.iZ..i.i.Li.Z.i.i..i.iL!..!.i.Li..i.i.iZii.i.i.!._.' .!.i.i.i.i.i.iLi!.!.i.i..L:.i.i..i.Li.!..i.i.Li.Z].i..i.!.Li.

:.t:.?,i::_i:._:.,_.i:.:.:.:/,::::i::: :i:::: i::.::::: :.:.::::::i ::: ::::_,:::::,.,............... ........,,: ............,........................,
iiii,iii,ii,ii)iii,:,,,,,:,,,,,,,,,,4,ii,,,i,,/?,?:i}ii,,iii__,,,_,,,, :i,,:,,,J2 ,_:,......,,,4,,,,_......i
...._'.........i iiii............................_.... i _ _!i! ',_ ; ;.:.:.:.:.i.:.:.:.: : :: :!:: :: ]....... ,...................................... j......... ,TiTiTiTiTiiTiTF!Tii............ '"', .... "................. ' .........

::::i::::_::::i .... :..:i:::: ..::i:::: !i_ii!i!i !i!iiii!! ::::i::::

•_'i'I'_I'E'E''i'i'_'i'i'ii'i'i"i'i'ii'_ii'i'_'i'T'"I: ::"I .t...:.:.V.:.:.]:..: v.:.i._-_ :.:.V.:.:.:-....":.!.::.:.:._" _ _:.: .:.:.:_..:.:. :.:.:a_:,;.:-:c' _: ..... 1, _ .:.:.:.:.i.::.:.:..:.:.:.:..:.:..:..:.:.:.:._.:.:.:."::.: :# .:.:.:

.... i...,,.,.U...' .... !..&..._ ........ >..|.._ ........ i:::: .... I.::: .... :........ _....... I .... l..ii 1. ! ...... I ........................ i ........ ;........ : ....

.............. ;......... ; .... >: i_::_::_ !!_it i_ _ :_4':_.!;!:_:!;_iiL r_i_ _! !!iU g._:!:' !_..:'-:, .:!!_]:. _i:!:-: if:i',:-:: ::::;!_!i :!!ii_]_] .:i: i
i.i.l.i.i.i.!.i.i.'.L::.i.LiiL::.::.',.......:.L::.T:.i.i.i.,,........::.:#:.i.._.!.i.!i.i>.i,.... _-i.i+i.i:i.i..<.:..>ii_-i._.._.:-!.i-!:.i-_.-_i!-: i.:.:: i.__.:::i--,:! :t :: . I":_.%i.:._!:.__+q:i.::.._>F.!_ !:::1_!_-' : :_!::

:_:_.i_.. !._':._._2._._.i_0_/::.::!.iliil:. I_:i::_.:i:iii:!__:_._.::_i.i.__ _ii:::_iii.li:_:t!._:-:.I:!!i_:i: :![._i.i:::i!:_:_i-_::i;_i[:_i!_:_i_i_.:!::_.!::::::._-:.:.:.!!!i:i.!.:L.::.i:::.t!i i
......ii,,::,:,i_........_,i:i .... l.............................. _

{.i.i.!-i.i-_ii-.i.i-i.i.i.i-i.¢.i-i_._.!.i!i_-.:;!.i.::.:._#ii:iZq i::i,_ ii :.:_i#:::_.... " :_ ,::' '!_:li.'::LIII":'{::'i:"::::_2!:_:_U:

i-:!!.:=!ii.i-:]iii::i: iii!ili:i :]:ii:::: ]}:-]iii:i : ::: ! _ i l., i

i::i}ii::_ij_iiiii{::::I:{i41_ :: :.:_i:: .-::::::::::::::::::::::_ :: :: . : " • , :_: ,::_ !. i: " :.,: i_:"": :":::
_ii::::{/ii:/:i ._ !:: ............ N ...... ,: : - i { ;-::,- :i:: : •
!+i.:._.,-q...:_:...:..... i ": " : _: {.:i!. .... i ' ::. : i" :":: :¢ ..i::!;i^:,:a,:,i. :;. '{ _ __ _ .'.'19 ': _ :: . ". .... ': i :._ ...... :

_.i.::.i..!::i..:.:._.!i.:_4i_,::::.[ii:i!:.Q, :.:4!, " 16. ZO.,:: ',.:.: :2,4 , .:_:."
....... , : : .. .: . ' . ,.:

z

, .... ": : :: " i : :........
• i

: "' ' • " ' .... " " "" ' ' I

818



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION

RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 172 0.5994 .00428 0.9204

---B--- 0.70000 .--a,--- 0.72000
0.75000 _ 0.78000
0.82000 --+--- 0.84000

---+'-- 0.88000 _ 0.90000
0.94000 _ 0.96000

---B-- 0.99000

ROELCR REC1R OF1R
-4.9497 0.9809 0.0737

0.74000
---]l--- 0.80000

0.86000
-.-x-- 0.92000
---,-- 0.98000
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 172 0,5994 IT,299 0,T943

-.-B-.- O.TO000 .--a,-.- 0.72000
0,78000 _ 0,78000
0,82000 --'P-- 0.84000

--t--- 0,88000 _ 0,90000
•---Z--- 0,94000 _ 0.96000
,-.,-m--. o,99ooo

RDELCR RECIR DF1R
-4,9497 0.8199 0.2T61

0.74000
•--.IZ--- 0,80000

0.86000
----R.-- 0,92000

0.98000

Inboard

820
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 156 0.9016 -0.0414 0.8699

0.70000 _ O.T2000
•-.-e-- O.T6000 _ 0.78000
---.P- 0.82000 ---+--- O.S4000
---+--- 0.88000 _ 0.90000
---.Z---- 0.94000 _ 0.96000

0.99000

RDELCR REC1R DF1R
-4.9686 0.9748 0.1000

--e-- O.T4000
-.--m-- 0.80000

0.86000
•--R--- 0.92000

0.98000

Inboard
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAN MFRA
514 156 0.9016 IT.908 0.6932

--B--- 0.70000 .....a,-- O.T2000
--e-- 0.76000 _ O.T800O

0.82000 _ 0.84000
---.I--- O,B8000 _ 0,90000

0.94000 _ 0.96000
---0-- 0,99000

ROELCR REC1R DF1R
-4.9686 0.8042 0,290T

O.T4000
•--I--- 0.80000

0.86000
0.92000
0.98000

Inboard

823
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 180 1,19T2 0.2017 0.8878

0.70000 _ 0.72000
---e-- O.7flO00 _ 0.78000

0.82000 --+--- 0.84000
0,88000 ---,'x-- 0,90000
0.94000 ---v-- 0.96000
0.99000

ROELCR RECIR DF1R
-0.0406 0,9595 0,0950

--_ O.T4000
0,80000
0.86000

---R-- 0.92000
•--k-- 0.98000

Inboard

825



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 160 1.1972 6.8910 0.8553

-.-B-- 0.70000 .--a,--. O.T2000
--e--- 0.78000 _ 0.78000

0.82000 _ 0.84000
0.88000 _ 0.90000
0.94000 _ 0.96000

--B--- 0.99000

ROELCR REC1R OF1R
-0.0406 0.9193 0.1508

---e--- O.T4000
---IP- 0.80000

0.86000
---R--- 0,92000

0.98000

Inboard

826
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 161 1,5940 0.1795 0.9260

--B-- 0.70000 _ 0.72000
0.76000 _ 0.78000
0.82000 ----'P--- 0.84000

---+-- 0.88000 _ 0.90000
0.94000 _ 0.96000

---IP-- 0.99000

RDELCR RECtR DF1R
-0.0251 0.9266 0.1058

--4,--- 0.74000
---E--- 0,80000

0.86000
---R--- 0.92000

0.98000

\
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 181 1.3940 6.8135 0.9084

--m-.- O.TO000 _ 0.72000
•-e-- 0.76000 _ 0.78000

0.82000 --.4,.-- 0.84000
0.88000 --.-N.- 0.90000
0,94000 _ 0.96000

-..-e--- 0,99000

ROELCR REC1R OF1R
-0.0251 0.9066 O. tOTO

•---e.-- 0.74000
0.80000
0.86000

---R-- 0.92000
0.98000

Inboard

829



I ! i zl i i ! ! i _ i I iii!!Liii!!Li!iLiil
-ii-i-i.i.:(ST .O.R,,_ i;ONi'AND;;;iREO;V R Y;ii;WESU •.................,
i!ii !iiili!!:ji!i_/i;ii :1_!!_Lii_ I i!iil_!_lLl!ii!iil IW:LilZ! ii!j;-:il" I, igW,l!li MI_ :gUi_l'l!:! !ligU _ i! :liiii ii!l i iii!lii! !;ii:

_i!!ii_iii?il;_;-!ii!_;;_i:i:ii/i!_!_i.iii__;;iii!fiiii_;_;!il:iiii!iii;lii;;_i::i!i'ii'iii:;;i;;ii;iti:;;i!iiil:.ii!.i!.:!i:iIi:ii ii::!ii:i:!!f::iIiiii!i:!:::::!:!!ii?:i:::.i i!i:i!:i:i::!:;i:ii:iiiiii:ii

i-ii-i,i.iii-!_ii................i........lii.......ili..iiJiii.....Ji,-.-i-ii.-._'_'ii'i.................!l,.iiiJ.........li........;i.......iJ........................i......
':?_ii'F:ii:ii!;i!iii !11ii??iii!Eili?!i it!i) ....•{iii=========================================================================:_...:.+.::._.::.:._.:.,.:.._:._.:.:._.:_":_::_..U...................._.}._....._.:....._.....::.:_::::......i.:...............:..........k.:..._....`.i....._._..................:...i............................................._.......:........_........:....

"!'i_'iiFi'i!i::ii!!i_!ii:]i!i?!i!!!??i'i!?!i:)?)!i?!;i?iiiiiiiiifi):iiif!!i?i'i!'!i'ii'!i!i#i"ii?i!ii'i!i!i!i'?ii'_;iii'i!iiiiii..ii.ii.i!.?i._i.i;ii.i?i.?i.?_._i._.!i.?ii._i.!?_.ii.i_._.!i.ii.!i.ii._.!!.?i.ii'ifi!;!iiii?ii;?!!!!ifi?ifl'iii!i!!!!;!i?iii;iii!i::'ii!ii!i!ii!_fiiii!:::iii

iiiil;iI:iIii;iii1:iiiiiiiiiiiiiiiiiiiiiiiiiiiii:iii:iilliir"i"i......."i'i"i'i'i'i'i"i'i'i"i'i'i"i'ilii
iiiii::i i' '_:'i_'i!ii'i'i i'i'""i:iii_ii!::iii_iiiii i::::!ii!il "i":I::ii i!ii il.i.il_i :::1:1] ji i::::i_:_i! Ii i =:iji _ii,i. i ii!iil]::'i'i"""!i!!i:i::'i'i'i'i"'""i'i'i'i'i'ii "'ii!iii]il ]i _:ii':iii_:.'i:" ' ! ',!! i i!_:i::ij i:_:_:_:i !! 1 ::":iii !i:i] "i'i"" I:1_:! ]:_ iiiiii_!] ili ?_i ii

!! )k!!!!!!)!.!!III!!)!!;![._!!)!L.j_!!!!)!!_%J_'uE)!_!_)!!!!I_!_!_!_X _!!!!DE!_!_!E!E!'_!!!C!!!}_).!!!j;!;!!!;;I{!!! J)!!!I !:!!_}}!}

)!?i)!Y!i!'_Vi i/)!!i!?;;i_____)!2)!! }i !!!iiiiii?_i_i?:.ii_!iiil i/i i?i!?

..............I...................................................
ii!i:ill: I'!I
.................::[?iii:!!!li[!i!iiJi_iii: ?i!;i!ii:! : ii::ii::!ii ::::::ii!i?i::::i:iii!:::_:: : :i:::: :: :::: :::I:! : :::i ........:: : !........ j;: i ! ::i :ii :i 12

J J I I ! i ii iIii !ii !ii! !i ! !! ! i
ili_ )iii!iiiiiliiiii i i!i!iii !_!ii ! !ii _ i i I i i i ) I ! i i

.... i :::_: '_ ....... u, _; _ .......... mz......... ro ......... _u, _,, .... ..........
:::: ::: ===================== : :: : .... : .... : _ .... :: : _i : ! :_i: :::: _ : : ....

830 ORIGINAL p _ ,-.,.

.O_ POOR QUALITy



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM WFRA
514 187 0,3995 0.0828 0.5535

--B-- 0.70000 _ 0.72000
--e--- 0.76000 --0-- 0.78000

0.82000 _ 0.84000
----f---- O.e8000 _ 0.90000
--4-- 0.94000 _ 0.96000
---e--- 0.99000

RDELCR RECIR DFIR
-.00204 0.9967 0.0127

•-...e.--- O.t4000
---l--- 0.80O00

0.86000
0.92000
0.98000

Inboard

831



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIgUTtON
RIGHT HAND INLET WITH DROOP LIP - FLOW-THROUG_ MODE

TEST RUN R_ACH _L=UA_ _FP_
514 197 O,3gg2 0.0872 0,$:_50

0.70000 _ 0.72000
0.76000 _ 0,78000

--_ 0.82000 _ 0.84000
--+-- 0.88000 ---x--- 0.90000
--.¢--- O.g4000 _ 0.98000

0.99000

RDELCR oc_,_ ,=,m
-0.0406 O. :::C.',_.:$._i4

--0-- 0.74000
0,;_0000
0._6000

i

/

\

"\
\

Inboard

832
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COMPRESSORFACE TOTAL PRESSURE RECOVERY DISTRIBUTION

RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
5t4 187 0.3995 16.86l 0.5310

-'-B-- 0.70000 ---a,-- 0.72000
--e'-- 0.76000 _ 0.78000

0.82000 .-4,--- 0.84000
---t--- 0.88000 ---.>e-- O.gO000

0.94000 ----v-- O.g6000
---B--- o.ggo00

RDELCR REC1R DF1R
-.00204 0.g525 0.0475

---e-- 0,74000
0,80000

---x--- 0.86000
•--R---- 0,92000

0.98000

\

Inboard

833



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION

RIGHT HAND INLET WITH DROOP LIP - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 197 0.3992 16.944 0.5497

--B--- 0.70000 ---a,-.- 0.72000
0.76000 --,I,--- 0.78000

---.-WP- 0.82000 _ 0.84000
•---P- 0,88000 --w--- 0.90000

0.94000 _ 0.96000
--.-B-- 0.99000

ROELCR REC1R DF1R
-0.0406 0.9859 0.0183

0.74000
0.80000
0.86000
0.92000
0.98000

Inboard

834
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION

RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 205 0.3982 0.0825 0.8209

•--B-- 0.70000 ..--a.-- 0.72000
0.76000 _ 0.78000
0.82000 --e-- 0.84000

•---P-- 0.88000 _ 0.90000
0.94000 ,--.v-- 0.96000

---B-- 0,99000

RDELCR REC1R DF1R
-0.0485 0.9923 0.0252

•--e-- 0.74000
0.80000

----x--- 0.88000
---R-.-- 0.92000

0.98000

Inboard

836



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET WITH DROOP LIP - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 202 0.3993 0.0863 0.8338

---B---- 0.70000 --a,-- 0.72000
0,75000 ---ii,-- O.T8000
0.82000 _ 0.84000
0.88000 --->e-- 0.90000

--z--- 0.94000 _ 0.96000
0.99000

RDELCR RECtR DFIR
-0.052l 0.9869 0.0265

0.74000
0.80000
0.86000

--.R--- 0,92000
0.98000

Inboard

837



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 205 0,3982 16,892 0,T696

--B--- 0.70000 -.-a,-- 0.72000
0,78000 --,P- 0,78000
0.82000 _ 0.84000
0.88000 ----w--- 0.90000
0.94000 ---.Y.--- 0.96000
0.99000

RDELCR REC1R DF1R
-0,0483 0,9190 0.0999

0.74000
---I---- 0,80000

0.86000
---R-- 0,92000

0.98000

Inboard

838



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION

RIGHT HAND INLET WITH DROOP LIP - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 202 0.3993 16.947 0.7931

0.70000 _ 0.72000
--.e--- O.T6000 --e-- 0.78000
--..,,e-- 0.82000 --+-- 0.84000
---t---- 0.88000 ---x--- o.go000
--Z--- 0.94000 _ 0.96000
-----B--- 0.99000

ROELCR RECIR OFIR
-0.0521 0.9756 0.0356

O.T4000
.--]e.-. 0.80000

0.86000
---x--- 0.92000
--k-- 0.98000

Inboard

.............. ---.j_
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAH MFRA
514 17T 0,3985 0.0825 l.llTO

--B-- 0.70000 _ O.t2000
--e-- 0.76000 _ O.t8000

0.82000 _ 0.84000
--f--- 0.88000 --')('-- 0.90000
---.¢--- 0.94000 _ 0.96000
----II-- 0.99000

RDELCR REC1R OF1R
-0.036? 0.9836 0.052T

---e.-- 0.?4000
0,80000

--x--- 0,86000
0.92000

--k-- 0.98000

Inboard

841



COMPRESSORFACE TOTAL PRESSURE RECOVERYDISTRIBUTION
RIGHT HAND INLET WITH DROOP LIP - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 199 0,3999 0.0844 1.1052

0.70000 ,--a,--- 0.72000
0.76000 _ O.T8000
0.82000 -.-+-- 0.84000
0.88000 ---w-- 0.90000
0.94000 _ 0.96000
0.99000

RDELCR REC1R DF1R
-0.0406 0.9772 0.0496

---e--- 0.74000
•-.-IF- 0.80000

0.86000
----R--- 0.92000

0.98000

Inboard

842



OPd-GINAE PAGE IS

.OF POOR r-,rT,___v

COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 17T 0.3985 16.8TI 0.9975

+ 0.70000 _ 0.T2000
----e-- 0.78000 _ 0.78000
+ 0.82000 --+--- 0.84000
-.-J-- 0,88000 ---x--- 0,90000
+ 0.94000 _ 0.96000
--e.- 0.99000

RDELCR REC1R DFIR
-0.036T 0.8703 0.1879

--0-- 0.74000
+ 0,80000

0.86000
0.92000
0.98000

Inboard

843



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET WITH DROOP LIP - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 199 0,399g 16,965 1.0914

---B--- 0.70000 _ 0.72000
0.76000 _ 0.78000
O.e2000 .--+--.- 0.84000

---t--- 0.88000 ---)(--- o.go000
0.94000 _ O.g6000

---II--- 0.99000

RDELCR REC1R BFtR
-0,0406 0.9642 0.0596

--0-- 0.74000
0.80000
0.86000

--R--- 0.92000
--a-- 0.98000

Inboard

844
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 172 0.5994 .00428 0.9204

---B--- 0.70000 ---6-- 0.72000
0.78000 _ 0.78000
0.82000 --,P.--- 0.84000
0.88000 ---)(-- 0.90000
0.94000 _ 0.96000

---B--- 0.99000

RDELCR REC1R DF1R
-4,9497 0.9809 0.073T

--4P--- 0.74000
+ 0,80000

0.86000
--R-- 0.92000
---Am 0.98000

Inboard

'I>--

846



COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET WITH DROOP LIP - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 215 0,00|7 -0.0187 0.8495

--B--- 0.70000 --.a,-- O.T2000
0.78000 _ 0,78000

.--qle.-- 0.$2000 --4'--- 0.84000

.--P--- 0.88000 _ 0.90000
0.94000 _ 0.96000

•---B--- 0.99000

RDELCR RECIR DF1R
-4.9232 0,9755 0,0545

---e-- O.T4000
0,80000
0,86000

---R--- 0.92000
0.98000
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 172 0.5994 IT.299 0.7943

----m-- 0.70000 _ O. T2000
---e.-- 0.76000 _ 0.78000

0.82000 --.+-- 0.84000
---+--- 0.88000 .---)e-- 0.90000

0.94000 _ 0.96000
----B--- 0,99000

RDELCR RECIR DF1R
-4,949T 0.8199 0.2T61

0.74000
0.80000
0.88000

----R-- 0.92000
•---k-- 0.98000

Inboard
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ORIGINAL PAGE IS

OF POOR QUALITY

COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET WITH DROOP LIP - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 215 0.6017 IT.276 0.8225

--B.-- 0.70000 --a,..- O.T2000
---e-- 0.76000 _ O.TSO00

0.S2000 _ 0.84000
0.88000 ---ee-- o,go000
o.g4000 _ o.g6000

+ o.ggo00

RDELCR RECIR OFIR
-4.g232 0.9515 0.0819

•---e-.- 0.74000
---l-- 0,80000

0.85000
---x-- o,g2000
----k-- 0.98000

Inboard
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 156 0.9016 -0.0414 0.8699

--'B--- O,TO000 .-.a,,..- 0.72000
--e-- 0.78000 --0-- O.T8000

0.82000 _ 0.84000
--+-- 0.88000" ---)t-- 0.90000
---z-- 0.94000 _ 0.98000
---B--- 0.99000

ROELCR RECIR OFIR
-4.9686 0.9748 0.1000

--4,-- 0.74000
---E-- 0.80000

0.86000
--m-- 0.92000

0.98000

Inboard
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET WITH DROOP LIP - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 214 0,9075 -0.0898 0.8535

---B'--- 0.70000 ---a,--- O.T2000
0.78000 _ 0.78000
0.82000 ---,h.--- 0.84000

---+--- 0.88000 _ 0.90000
---Z-- 0.94000 _ o.g6000

o, g9000

RDELCR REC1R OF1R
-5.0178 0.9559 0.0938

O.T4000
0.80000
0.86000

--R--- 0.92000
0.98000

Inboard
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION
RIGHT HAND INLET - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 156 0.9016 IT,908 0.6932

--.-.B--- 0.70000 --,a.-- O.T2000
---e-- 0.76000 .--e-- 0.78000

0.82000 _ 0.84000
,.--"4--- O.S8000 _ 0.90000

0.94000 _ 0.96000
---IP-.- 0.99000

RDELCR REC1R DF1R
-4.9686 0.8042 0.290T

--e,-- 0.74000
0.80000
0.86000

--R--- 0,92000
0.98000
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COMPRESSOR FACE TOTAL PRESSURE RECOVERY DISTRIBUTION

RIGHT HAND INLET WITH DROOP LIP - FLOW-THROUGH MODE

TEST RUN RMACH ALPHAM MFRA
514 214 0,g075 17.872 0,8276

---.B--- 0,70000 --a,-- 0.72000
0,76000 ---4,-- 0.78000
0.82000 ---'P--- 0.84000

---t---- 0.88000 --x--- 0,90000
0.94000 --..v--. O.g6000

--e-- O.9gO00

RDELCR REC1R DF1R
-5,0178 0,9205 0.1425

0.74000
0,80000

---x--- 0.86000
0,92000
0.98000

854



APPENDIX B

SCANIVALVE PORT ASSIGNMENTS

The Scanivalve port assignments for the three test entries

are presented in this appendix. Each of the model pressure ori-

fices along with the location on the model is presented in Table

B-I. The reader is also referred to figures from Section 3

which show the relative location of model external pressure

orifices. Orifices which were bad-coded are also shown in Table

B-I.
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ORIFICE

NUMBER

102

103

104

105

106

107

108

109

ii0

iii

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

TABLE B-I

ORIFICE SHOWN IN MODEL

ASSIGNMENT FIGURE NO. STATION

Center Fuselage 3-4

Inner Wing 3-4

Upper Nacelle 3-4

Calibrate

Upper Nacelle

Leading Edge

Extension

Metric Break

Cavity Pressure

lO.000

20.000

30.000

40.000

47.152

41.282

43.189

45.189

47.189

49.189

49. 189

47.189

45.189

43.189

38.000

43.189

45.189

47.189

49. 189

29.500

27.500

25.500

24.000

33.000

33.000

33.000

33.000

28.142

28.142

28.142

28.142

50.599

50.599

50.599

50.599

50.599

BL OR

WL

0.000

0.000

0.000

0.000

SCANIVALVE

FT JE SIM

3.200 ii0 ii0 ll0

3.200 IIi iII iii

4.810 112 112 112

4.810 113 113 113

4.810 114 114 114

4.810 115 115 115

6.324 116 116 116

6.324 117 117 117

6.324 * * 118

6.324 119 119 119

6.324 120 120 120

7.836 121 121 121

7.836 122 122 122

7.836 123 123 123

7.836 124 124 124

6.324 127 127 127

6.324 128 128 128

6.324 129 * 129

6.324 130 * 130

2.750 131 131 131

3.130

3. 500

3.880

2.750

3.130

3. 500

3.880

132 132 132

133 133 133

134 134 134

135 135 135

136 136 136

137 137 137

138 138 138

8.394 140 140 140

7.788 141 141 141

6.324 142 142 142

4.860 143 143 143

4.254 144 144 144

145 145 145

146 146 146

* Inoperable for entire test mode.

856



ORIFICE
NUMBER

202
203
204
2O5
206
207
2O8
209
210
211
212
213
214

216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246

ORIFICE
ASSIGNMENT

Center Fuselage

Strut Seal

Inner Wing

L/N Nacelle

Lower

Calibrate

L/N Nacelle

Lower

L/H Engine Face

Seal Cavity

R/H Engine Face

Seal Cavity

L/H Metric

Break Cavity

Metric Break

TABLE B-I (Continued)

SHOWN IN MODEL

FIGURE NO. STATION

3-4

3-4

47.152

41.282

43.189

45.189

47.189

49. 189

49. 189

47. 189

45.189

43.189

38. 000

43.189

45.189

47.189

49. 189

32.260

29.500

27.500

25.500

24.000

50.599

50.599

50.599

BL OR

WL

O. 000

0.000

O. 000

SCANIVALVE

FT JE SIM

3.200 210 210 210

3.200 211 211 211

4.810 212 212 212

4.810 213 213 213

4.810 214 214 214

4.810 215 215 215

6.324 216 216 216

6.324 217 217 217

6.324 218 218 218

6.324 219 219 219

6.324 220 220 220

7.836 221 221 221

7.836 222 222 222

7.836 223 223 223

7.836 224 224 224

6.324 * * 226

6.324 227 * 227

6.324 228 228 228

6.324 229 229 229

6.324 230 * 230

232 232 232

233 233 233

234 234 234

235 235 235

236 236 236

237 237 237

238 238 238

7.788 240 240 240

6.324 241 241 241

4.860 242 242 242

* Inoperable for entire test mode.
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ORIFICE
NUMBER

302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346

ORIFICE
ASSIGNMENT

Upper
R/H
Nacelle

RIH

Compressor
Face

Static

Calibrate

R/H

Compressor
Face

Total

TABLE B-I (Continued)

SHOWN IN MODEL

FIGURE NO. STATION

3-5

3-9

38.000

40.000

43.189

45.189

47.189

49.189

3-9

R/H Camp Face 3-9

OO

72 °

144 °

216 °

288 °

0 - r

(CM)
0°-1.275

0o-2.121

0o-2.713

0°-3.198

0o-3.620

144°-1.275

144°-2.121

144°-2.713

144°-3. 198

144°-3.620

216°-1.275

216°-2.121

216°-2.713

216°-3.198

216°-3.620

288°-1.275

288o-2.121

288°-2.713

288°-3.198

288o-3.620

72°-AV

BL OR

WL

SCANIVALVE

FT JE SIM

11.700 304 304 304

11.700 305 305 305

11.700 306 306 306

11.700 307 307 307

11.700 308 308 308

11.700 309 309 309

* 312 *

* 314 *

* 315 *

* 316 *

320 320 *

321 321 *

322 322 322

• 323 *

324 324 *

325 325 325

326 "326 326

327 327 327

328 328 328

329 329 *

330 330 *

331 331 331

332 332 332

333 333 333

334 334 *

335 335 *

336 336 336

337 337 337

338 338 338

339 339 339

345 345 345

* Inoperable for entire test mode.
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ORIFICE ORIFICE

NUMBER ASSIGNMENT

TABLE B-I (Continued)

SHOWN IN MODEL

FIGURE NO. STATION

402

403

404 Lower 3-5

405 R/H

406 Nacelle

407

4O8

409

410

411

412 L/H Compressor 3-10

413 Statics

414

415

416 Strut

417 Seal

418 Cavity

419

420 Lower R/H

421 Metric Break

422 Upper R/H

423 Metric Break

424

425 Calibrate

426

427 L/H 3-10

428 Compressor
429 Total

430

431

432

433

434

435

436 Compressor 3-10
437 Total

438

439

440

441

442

443

444

445

446

38. 000

40. 000

43.189

45.189

47.189

49.189

0 -- r

(CM)
144°-i. 275

144°-2. 121

144°-2.713

144°-3 .198

144°-3.620

288°-AV

BL OR

WL

SCANIVALVE

FT JE SIM

3.400 404 404 404

3.400 405 405 405

3.400 406 406 406

3.400 407 407 407

3.400 408 408 408

3.400 409 409 409

413 413 413

416 416 416

417 417 417

418 418 418

433 433 433

434 434 434

435 435 435

436 436 436

437 437 437

438 438 438

*Inoperable for entire test mode.
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ORIFICE ORIFICE

NUMBER ASSIGNMENT

502

503

504 Upper

505 L/H

506 Nozzle

5O7

5O8

509

510

511

512

513

514

515

516

517

518

519

52O

521

522

523

524

525

526 Upper

527 L/H

528 Nozzle

529

530

531

532

533

534
535

536 Nozzle

537

538 Upper Inner

539 Wing

540

541 BL 16.031 R/H

542 Upper

543 Wing
544 BL 16.031 R/H

545 Lower

546 Wing

TABLE B-I (Continued)

SHOWN IN MODEL

FIGURE NO. STATION

3-6 51.235

52.485

54.985

54.985

56.235

57.535

58.735

58.735

56.235

53.735

52.485

51.235

52.485

53.735

54.985

57.535

58.735

58.735

3-4

3-3

56.235

53.735

52.485

51.235

51.235

52.485

54.985

54.985

56.235

57.535

58.735

53.031

60%

4O%

20%

20%

40%

60%

BL OR

WL

SCANIVALVE

FT JE SIM

4.400 504 504 535

4.810 505 505 518

4.400 506 506 514

4.810 507 507 530

4.810 508 508 508

4.810 509 509 537

4.810 510 510 531

5.567 511 511 511

5.567 513 513 539

5.567 514 514 *

5.567 515 515 513

5.567 516 516 528

6.324 * 517 517

6.324 * 518 527

6.324 * 519 519

6.324 520 520 510

6.324 521 521 529

7.081 522 522 521

7.081 527 527 *

7.081 528 528 *

7.081 529 529 *

7.081 530 530 *

8.200 531 531 *

7.836 532 532 504

8.200 533 533 505

7.836 534 534 *

7.836 535 * 533

7.836 536 536 536

7.836 537 537 522

3.200 * 646 539

16.031 541 541 541

16.031 542 542

16.031 543 543 543

16.031 544 544 544

16.031 545 545 545

16.031 546 546 546
m

* Inoperable for entire test mode.
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ORIFICE ORIFICE

NUMBER ASSIGNMENT

602 Lower Fuselage

603 Centerline

604 Lower

605 R/H

606 Nozzle

607

6O8

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624 Calibrate

625 BL 19.237 R/H

626 Upper

627 Wing

628 BL 19.237

629 Lower

630 Wing

631 Upper
632 L/H

633 Wing
634

635

636 Upper

637 L/H

638 Wing

639

640 Lower

641 L/H

642 Wing

643

644

645

646 Inner Wing

TABLE S-I (Continued)

SHOWN IN MODEL

FIGURE NO. STATION

3-4

3-6 51.235

52.585

53.735

54.470

55.204

55.204

53.735

51.235

52.585

53.735

54.470

55.204

55.204

53.735

51.235

51.235

52.585

53.735

54.470

55.204

3-3 60%

40%

2O%

2O%

40%

6O%

3-2 95%

75%

60%

40%

20%

3-2 15%

10%

5%

1.5%

1.5%

10%

2O%

40%

6O%

90%

3-4 54.930

BL OR

WL

SCANIVALVE

FT JE SIM

4.810 604 * 606

4.400 605 605 611

4.810 606 606 604

4.400 607 607 622

4.810 608 608 623

5.567 609 609 614

5.567 610 610 616

5.567 611 611 *

6.324 612 612 *

6.324 613 613 615

6.324 614 614 605

6.324 615 615 613

7.081 616 616 610

7.081 617 617 607

7.081 618 618 620

7.836 619 619 621

8.200 620 620 619

7.836 621 621 618

8.200 622 622 612

7.836 623 623 609

19.237 625 625 625

19.237 626 626 626

19.236 627 627 627

19.237 628 628 628

19.237 629 629 629

19.237 630 630 630

12.825 * 631 631

12.825 632 632 632

12.825 633 633 633

12.825 634 634 634

12.825 635 635 635

12.825 * * *

12.825 637 637 637

12.825 * 638 638

12.825 639 * 639

12.825 640 640 640

12.825 641 * 641

12.825 642 * 642

12.825 643 643 643

12.825 * 644 644

12.825 645 645 645

3.200 539 539 646

* Inoperable for entire test mode.
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TABLE B-I (Continued)
NOZZLEEXTENSIONTUBE CONFIGURATIONS

ORIFICE ORIFICE SHOWNIN MODEL BL OR
NUMBER ASSIGNMENT FIGURE NO. STATION WL

502
5O3
504 Nozzle 3-7 52.485 4.810
505 Extension 54.985 4.810
506 Tubes 57.985 4.810
507 Statics 51.235 6.324
508 52.485 6.324
509 53.735 6.324
510 54.985 6.324
511 56.235 6.324
512 57.535 6.324
513 52.485 7.836
514 54.985 7.836
515 57.535 7.836
516
517 Nozzle
518 Extension
519 Total
520 Pressures
521
523
524
525
526 L/H
527 Nozzle Ext.
528 Total
529 Pressures
530
531 Choke
532 Static
533 L/H
534
535
536
537
538 Upper Inner 3-4
539 Wing 53.031 3.200
540
541 BL 16.031 R/H 3-3 60% 16.031
542 Upper 40% 16.031
543 Wing 20% 16.031
544 BL 16.031R/H 20% 16.031
545 Lower 40% 16.031
546 Wing 60% 16.031

SCANIVALVE
FT

513
519

5O9
510
518
507
517
5O4

529
521
530
531

532
520

528

533
536
534
537

JE

N/A

SIM

5O8
533

539

510
52O
516

530
528
531

535
527
536
517
532

526
514
521
513

522
534
509
537

541
542
543
544
545
546

539

541
542
543
544
545
546

* Inoperable for entire test mode.
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NOZZLE

ORIFICE ORIFICE
NUMBER ASSIGNMENT

602
603
604 Choke
605
606 Static
607 R/H
608 Lower
609 Extension
610 Tube
616 Static
612 Choke Static
613
614
615 Extension

616 Tube

617 Totals

618

619

620

621

622

623

624 Calibrate

625 BL 19.237 R/H

626 Lower

627 Wing

628 BL 19.237 R/H

629 Upper

630 Wing

631 Upper

632 L/H

633 Wing
634

635

636 Upper

637 L/H

638 Wing
639

640 Lower

641 L/H

642 Wing
643

644

645

646 Inner Wing

TABLE B-I (Continued)

EXTENSION TUBE CONFIGURATIONS

SHOWN IN MODEL BL OR

FIGURE NO. STATION WL

3-7 51.235 6.324

52.585 6.324

53.735 6.324

54.470 6.324

55.204 6.324

3-3 60% 19 . 237

40% 19. 237

20% 19. 237

20% 19. 237

40% 19. 237

60% 19. 237

3-2 95% 12.825

75% 12.825

60% 12.825

40% 12.825

20% 12.825

3-2 15% 12.825

10% 12.825

5% 12.825

1.5% 12.825

1.5% 12.825

10% 12.825

20% 12.825

40% 12.825

60% 12.825

90% 12.825

3-4 54.930 3. 200

SCAN I VALVE

FT JE SIM

N/A
617 605

620 606

621 607

* 511

* 519

5O5 5O5

516 507

* 506

612 608

606 604

610 613

608 604

607 609

616 622

613 623

605 615

622 617

611 612

625 625

626 626

627 627

628 628

629 629

630 630

* 631

632 632

633 633

634 634

635 635

* 636

637 637

* 638

639 639

640 640

641 641

642 642

643 643

* 644

645 645

539 646

*Inoperable for entire test mode.
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_ PPF_D IX C

TEST MATRICES

The Phase 3 wind tunnel tests were performed over the range

M = 0.4-1.4. Each run comprised either an Angle of Attack (e)

sweep or a Nozzle Pressure Ratio (NPR) sweep. The run matrix for

each test mode is presented in this appendix.
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